
Abs tract:

In this pa per, we ap ply the ag gre gate pro duc tion func tion to ap prox i mate the path of po ten tial out put
and de com pose it into its de ter mi nants. Based on the de com po si tion we eval u ate the sup ply side
per for mance from a mac ro eco nomic per spec tive. We use a time-vary ing NAIRU to de rive the
amount of po ten tial la bour and a newly de vel oped mea sure of cap i tal ser vices to ac count for the
pro duc tive im pact of cap i tal. In ad di tion, trend to tal fac tor pro duc tiv ity is es ti mated. Dur ing
1995–2000, the growth in po ten tial out put was con strained by a grad ual in crease in the NAIRU, a
tem po rary drop in in vest ment ac tiv ity and, most im por tantly, by only a mod est rise in to tal fac tor
pro duc tiv ity. For the pe riod 2001–2005, we ob serve sub stan tial im prove ments in the supply-side
performance, except for the functioning of the labour market.

Key words: ca pi tal ser vi ces, growth ac coun ting, NAI RU, po ten tial out put, pro ducti on functi on, to tal 
fac tor producti vi ty

JEL Clas si fi cati on: E23, O11, O12, O47

1. In tro ducti on

A na tu ral star ting point for eva lua ting ag gre ga te sup ply-side functi o ning is to look at de -

ve lo p ments at the ma cro le vel, whe re the rate of growth of po ten tial out put is the usu al

ex pres si on of sup ply-side per for man ce. When as sessing the sup ply-side per for man ce,

however, it is not the rate of the po ten tial out put growth per se that is of pri ma ry im por -

tan ce, but ra ther the de com posi ti on of the potential output into its determinants.

From the point of view of pro ducti on fac tors, be si des inflows of la bour and ca pi tal,

the rate of po ten tial out put growth is con ven ti o nal ly at tri bu ted to the trend in to tal fac tor

pro ducti vi ty. When as sessing the na tu re of ag gre ga te sup ply-side functi o ning in the lon -

ger run, it is then cen t ral to distin guish be tween chan ges in ag gre ga te pro ducti ve ca pa ci -
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ty due to a va ry ing amount of fac tor in puts (la bour and ca pi tal) and due to im pro ve ments 

in the pro ducti ve use of inputs (total factor productivity, TFP).

Next to the bac k ward lo o king eva luati on of the pro ducti on ef fi ci ency, the de com -

posi ti on of po ten tial out put into its de ter mi nants may also pro vide a use ful in sight for

fu tu re de ve lo p ment and possi bly sig na li ze risks stem ming from the actu al de ve lo p ment

of pro ducti on fac tors. For in stan ce, in cre a sing equi lib ri um unem ploy ment in di ca tes

wor se ning la bour mar ket ef fi ci ency. This in turn re du ces growth in “po ten tial em ploy -

ment” and, fi nal ly, di mi nishes po ten tial out put growth. Si mi lar ly, low TFP growth

would in di ca te a low in tensi ty of tech no lo gi cal and other innovations, again with a

limiting impact on potential output growth.

Our point is that low TFP, possi bly ob ser va ble at the ma cro le vel, could be cau sed by

inef fi ci ent al lo cati on of fac tor in puts. Low sup ply-side fle xi bi li ty ma kes the eco no my

ope ra te at ag gre ga te growth ra tes that are lower than otherwi se susta i na ble, thus ad ver -

se ly af fecting the path of potential output growth. 

In this pa per we iden tify the main fac tors be hind the de vel op ment of po ten tial out put

in the Czech Re pub lic dur ing 1995–2005 us ing the pro duc tion func tion ap proach, and

from this view point eval u ate the sup ply-side func tion ing. There are two meth od olog i -

cal ad vances em ployed in this anal y sis that are worth men tion ing. First, fol low ing our

pre vi ous re search, we in cor po rate the con cept of a time-vary ing NAIRU into the pro -

duc tion func tion ap proach, to de rive “po ten tial la bour”. Sec ond, we use the con cept of

“cap i tal ser vices” to cap ture the real productive impact of capital factor input. 

The rest of this pa per is or ga ni sed as fol lows: In Secti on 2 we dis cuss the metho do lo -

gy ap plied, Secti on 3 descri bes the data. In Secti on 4 we dis cuss our re sults and in Secti -

on 5 we pre sent a sensi ti vi ty ana ly sis. Section 6 concludes.

2. Pro ducti on Functi on

Fol lowing Gi or no et al. (1995), we as su me the stan dard neo-clas si cal two fac tor

Cobb–Douglas pro ducti on functi on with Hicks-ne utral technology:

Y A L Kt t t t= × ×a b
(2.1)

whe re Y, L, K and A are real GDP, la bour in put, ca pi tal in put and the TFP le vel re specti -

ve ly. This spe ci fi cati on is a spe cial case of the con stant-elas ti ci ty-of-sub sti tu ti on pro -

ducti on functi on (CES), with an elas ti ci ty of sub sti tu ti on equal to one. The re are some

usu al the o re ti cal as sumpti ons about this pro ducti on functi on spe ci fi cati on used in the

em pi ri cal li te ra tu re.1 

First, po si ti ve and di mi nishing mar gi nal pro ducts with re spect to each in put (L, K)

are as su med. This re st ricts both a  and b to va lues be tween 0 and 1. Se cond, an of ten

adop ted as sumpti on on re turns to sca le is that they are con stant, i.e. b = (1-a). However, 

this as sumpti on is not ob vi ous in re a li ty and the use of in cre a sing re turns has been su g -

ges ted in ste ad when using en do ge nous growth mo dels (see, for exam ple, Barro, 1998).

In cre a sing re turns for the who le eco no my would then re flect the exis ten ce of a spe ci fic

1 See, for ex am ple, Romer (1990), Grossman and Helpman (1991), Barro and Sala-i-Mar tin (1995),

Giorno et al. (1995), Barro (1998) or Scacciavillani and Swagel (1999) for a more de tailed dis cus -

sion as well as crit i cism of the stan dard as sump tions used in mod el ling the pro duc tion func tion.
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re search and de ve lo p ment sec tor that would be able to pro du ce po si ti ve spil lo vers for

the rest of the eco no my. The re search and de ve lo p ment sec tor would ope ra te un der

strong ly in cre a sing re turns to sca le whereas the rest of the economy would operate

under constant returns to scale.

Hurník and Navrátil (2005b), how ever, do not find any sig nif i cant ev i dence for the

ex is tence of such a spe cific sec tor in the Czech econ omy, so they ap ply the as sump tion

of con stant re turns to scale. Here we sim ply fol low the same ap proach. Given the as -

sump tion about per fectly com pet i tive mar kets, con stant re turns to scale and no un ob -

served in puts, a  then cor re sponds to the in come share of la bour.2

If the fac tor mar kets are com pet i tive, then the mar ginal prod uct of each input equals

its fac tor price, so ¶ ¶Y L wt t t/ =  and ¶ ¶KY Rt t t/ = , where wt  and R t  are the wage rate

and the rental rate of cap i tal re spec tively. Dif fer en ti a tion of the pro duc tion func tion

(2.1) with re spect to L yields 
¶

¶
a

Y

L

Y

L

t

t

t

t

= , hence a =
w L

Y

t t

t

.

By choos ing the Cobb-Douglas spec i fi ca tion of the pro duc tion func tion, Giorno et

al. (1995) as sume the la bour share, which serves for the quan ti fi ca tion of a  (and, hence, 

b), to be con stant over time.3 Our es ti ma tion of po ten tial out put there fore as sumes the la -

bour share to be con stant over time and the ob served fluc tu a tions of 
w L

Y

t t

t

 to re flect

errors of measurement.

It can be easi ly ar gu ed, however, that this as sumpti on is per haps not ful ly ap pro pri a -

te for the Czech eco no my, which has not yet re a ched its ste a dy sta te (in which GDP per

ca pi ta grows at the rate of tech no lo gi cal pro gress and the shares of ca pi tal and la bour are 

con stant), sin ce the pro cess of eco no mic con ver gen ce has not fi nished. One can ob ser ve

that the la bour sha re has been in cre a sing in the Czech Re pub lic in the period 1995-2005.

Re la xing the as sumpti on of con stant la bour sha re would exclu de the Cobb-Douglas

pro ducti on functi on from use (Barro 1995, p. 347). Háj ko vá and Hur ník (2007) ana ly se

the im pact of re la xing the as sumpti ons descri bed abo ve using a ge ne ral form of pro ducti -

on functi on. They ob ta in si mi lar re sults for the growth ra tes of TFP and po ten tial pro duct

in a growth ac coun ting exer ci se using both Cobb-Douglas pro ducti on functi on and ge ne -

ral pro ducti on functi on with time-va ry ing la bour sha re. We are, the re fo re, ra ther con fi -

dent to fol low the as sumpti on of con stant la bour sha re like Gi or no et al. (1995).

The mea sure ment of la bour share is dis cussed, for in stance, in Krueger (1999) and

Gomme and Rupert (2004). In the clas si cal sense, where per fectly com pet i tive mar kets

and con stant re turns to scale are as sumed, a  and b would be the re spec tive shares of each 

fac tor re mu ner a tion in to tal fac tor in come (as sumed to be equal to to tal nom i nal out put). 

Since nei ther of these fac tor re mu ner a tions is ex plic itly mea sured, for this pur pose, the

to tal in come (or, more pre cisely, the mixed in come4) is ap por tioned ac cord ing to some

method to cap i tal and la bour. Usu ally, this in volves as sum ing some rate of re turn for one 
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2 Schreyer (2004) ana ly ses the con sequen ces when the se as sumpti ons are not ful filled.

3 In cross-coun t ry com pa ri sons, some re sear chers use a ge ne ral ly ac cep ted ca lib ra ted va lue clo se to

0.3 for the ca pi tal sha re – see, for exam ple, Boswor th and Col lins (2003).

4 The gross ope ra ting sur plus can not be ful ly at tri bu ted to fi xed ca pi tal. It is a me a su re of bu si ness

pro fits from nor mal ope ra ting acti vi ty and inclu des the so-cal led mi xed in co me, i.e., in co me of

self-em ployed per sons.
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or both of these fac tors that is en dog e nous to the method cho sen and does not have to

cor re spond to ex-ante be liefs about their true val ues. We cal cu late a t by (2.2), where tlct

rep re sents to tal nom i nal la bour cost per em ployee, Lt  stands for to tal em ploy ment (in -

clud ing self-em ploy ment and ad justed for hours worked) and gva t  is the econ omy’s

gross value added at cur rent prices (i.e. GDP net of in di rect taxes and sub si dies). This

method as sumes that the average remuneration in dependent employment and

self-employment are alike.

a t
t t

t

tlc L

gva
=

×
(2.2)

The value of a  used in the fol low ing ex er cise is com puted as the av er age over the

whole pe riod of the yearly la bour shares a t . Pa ram e ter b then sim ply equals (1– a). 

The TFP level (see vari able A in equa tion 2.1) can not be mea sured di rectly. We can

es ti mate the so-called gross to tal fac tor pro duc tiv ity, which con sists of two parts: (i) the

trend to tal fac tor pro duc tiv ity (A*); and (ii) a short-term fluc tu a tion, which is as sumed

to cor re spond to the busi ness cy cle. Re writ ing equa tion 2.1, the level of gross TFP for

each pe riod is given by 2.3 (re gard less of the sustainability of its amount in the long

term): 

A
Y

L K
t

t

t t

=
×

é

ë
ê

ù

û
ú-a a1

 (2.3)

where Y is real GDP, L is the la bour in put mea sured by to tal em ploy ment ad justed for

hours worked and K is the cap i tal in put mea sured by cap i tal ser vices. Then, the long-run

trend of the to tal fac tor pro duc tiv ity (A*) is ap prox i mated by find ing the trend of A and

de vi a tions from this trend are as sumed to be short-term fluc tu a tions.5 In Sec tion 4, es ti -

mated val ues of A* are pre sented in Fig ure 4.1. and Ta ble 4.1. One must ad mit that the

re sults are sen si tive to the smooth ing tech niques used to detrend gross to tal fac tor pro -

duc tiv ity. For our trend es ti ma tion, we em ploy (in stead of the com monly used

Hodrick–Prescott fil ter) the band–pass fil ter sug gested by Baxter and King (1995) and

Christiano and Fitz ger ald (1999)6. Among oth ers, Christiano and Fitz ger ald (1999)

prove that the band–pass fil ter out per forms the Hodrick–Prescott fil ter re gard ing

end-point bias7. In our ex er cise we re move any fre quency lower than 32 quar ters from

the cal cu lated gross to tal fac tor pro duc tiv ity.

5 The va ri ati ons in the me a su re of TFP inclu de not only pure chan ges in tech no lo gy, but also other

fac tors of im pro ving ag gre ga te pro ducti vi ty, such as im pro ve ments in al lo ca ti ve ef fi ci ency as well

as the exis ten ce of mark-ups or tech no lo gi cal spil lo vers (see also Secti on 6 for a dis cus si on).

6 The band-pass filter can be used to isolate the component of a time series that lies within a

particular band of frequencies. It relies on the Spectral Representation Theorem, according to which 

any time series within a broad class can be decomposed into different frequency components. See

Baxter and King (1995) and Christiano and Fitzgerald (1999) for an extensive discussion.

7 „No claim has ever been made that the HP filter is an optimal approximation to this band pass filter

in any sense. This is consistent with our findings … which show that the Random Walk and

Optimal filters dominate HP, especially for computing real-time estimates of xt .“ (Christiano and

Fitzgerald,  1999, p. 27).
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Po ten tial out put is cal cu lated us ing the trend to tal fac tor pro duc tiv ity (A*), as de -

scribed above, in com bi na tion with the es ti mated po ten tial em ploy ment (L*) and the

mea sure of cap i tal ser vices (K). Po ten tial em ploy ment is the level of em ploy ment which 

can be sus tained with out in duc ing ad di tional inflationary pressures: 

L L NAIRU* $ ( )= × -1 (2.4)

whe re $L re pre sents the la bour for ce8 and the term NAI RU stands for the non-ac ce le ra -

ting in flati on rate of unem ploy ment. To de ri ve the NAI RU, we use the mo del de ve lo ped

for the Czech eco no my by Hur ník and Na vrá til (2005a).9 This mo del for es ti ma ting the

NAI RU starts with the fol lowing inflation equation: 

p E p p pt

core

t t

core

t

core

t

imp= × + × + - - × ++ -a a a a b1 1 2 1 1 21( ) ( *)u u z et t t t- - -- + × +1 1 1g , (2.5)

where pt

core , pt

imp
, ut , ut * and zt  de note quar terly annualised core in fla tion, quar terly

annualised im port price in fla tion, the ac tual un em ploy ment rate, the time vary ing

NAIRU and the real ef fec tive ex change rate respectively. 

Based on the use of the Gaus si an ma xi mum li ke li ho od method, the mo del com bi nes

in flati on equati on (2.5) with equati on (2.6), which descri bes the ex pli cit path of the

NAIRU: 

u ut t* *= +-1 e t  (2.6)

e Nt e~ ( , )0 2s  ;  e s et N~ ( , )0 2

cov( , )e j ke = 0

The er ror term  e t  in the “state” equa tion (2.6) is ex pected to be white noise with stan -

dard de vi a tion s e . If s e = 0, the NAIRU is con strained to be con stant and the es ti ma tion

is quite sim ple. But if s e ¹ 0, the NAIRU is chang ing over time and the es ti ma tion is

more com pli cated. Spec i fi ca tion (2.6) im plies that the NAIRU fol lows a ran dom walk

and that changes in the NAIRU are driven by s e . The dis tur bance vec tors et  and e t  are

as sumed to be uncorrelated with each other in all time pe ri ods.10 Fig ure 4.2 in Sec tion 4

pres ents the es ti mated NAIRU along with observed unemployment rate.
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8 The la bour for ce is re pre sen ted by the eco no mi cal ly acti ve po pu lati on, i.e. all per sons aged 15 years 

or over who are clas si fied as em ployed or unem ployed ac cor ding to the ILO metho do lo gy (see

CZSO, 2005b).

9 See this sour ce for a de tai led descrip ti on of the mo del ap plied to es ti ma te the time-va ry ing NAI RU.

10 Equation (2.6) strictly follows the necessary form for an unobserved (state) variable used in the

state-space form of the model (equations (2.5) and (2.6)). Based on the state-space form, the

Kalman filter is constructed, the log-likelihood function computed, and the maximum likelihood

estimator  used for estimation of model parameters. In general, the Kalman filter provides estimates

of the unobserved variable, while estimates of any other desired parameters are obtained by

maximum likelihood estimator. For an extensive theoretical discussion of this technique see

Hamilton (1994) and Hurník and Navrátil (2005a) for references to practical applications.
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Fi nal ly, we have to ex pla in our ap pro ach to in cor po ra ting the ca pi tal in put into the

pro ducti on functi on mo del. A stan dar dly used me a su re ac coun ting for ca pi tal in put in

the Czech Re pub lic has been the chan ge in the net ca pi tal stock (used most re cent ly in

Hur ník and Na vrá til, 2005b, and Há jek, 2006). The re are, however, se ve ral pro blems

con nec ted with the abi li ty of this me a su re to cap tu re the productive capital input

(OECD, 2001).

First, the fac tors of pro ducti on should be me a su red as flows. Se cond, con ven ti o nal

me a su res of the net ca pi tal stock do not re flect the pro ducti ve ef fi ci ency of ca pi tal as sets 

(eva lua ting as sets in mar ket pri ces will most li ke ly un de res ti ma te the pro ducti ve ef fi ci -

ency, as pri ces usu al ly dec li ne qu i te ra pi dly in the ear ly years of the ser vi ce life). And fi -

nal ly, the se me a su res weight each as set by its mar ket va lue in ag gre gati on, which ba si -

cal ly im plies that two as sets with the same va lue have the same con tri bu ti on to

pro ducti on. Thus, ex pensi ve as sets with a long ser vi ce life are as su med to have a re la ti -

ve ly larger contribution to production than cheaper assets with a short life. 

In or der to eli mi na te the abo ve-men ti o ned dra w backs, the ca pi tal in put is me a su red

by the vo lu me of ca pi tal ser vi ces de ri ved from the existing pro ducti ve ca pi tal stock. We

use the ex pe ri men tal me a su re descri bed in Háj ko vá (2006) that bet ter ac counts for the

he te ro ge ne i ty and productive efficiency of capital assets. 

Ca pi tal ser vi ces are viewed as a flow of pro ducti ve ser vi ces from the cu mu la ti ve

stock of past in vest ments. Ac cor ding to Schreyer et al. (2003), the quan ti ty of pro ducti -

ve ser vi ces K t

i  in year t of a ca pi tal as set of type i is as su med to be a functi on of past vo lu -

mes of vin tage in vest ment to this as set, ad jus ted for the re ti re ment pat tern. It is shown

that the va lue of ca pi tal ser vi ces from i-type as sets uk Kt

i

t

i  (i.e. the pro duct of the pri ce, 

uk t

i , and the quan ti ty, K t

i , of ca pi tal ser vi ces de ri ving from i-type as set) is equal to the

pro duct of the pro ducti ve stock of the se as sets, S t

i

-1 ex pres sed in “new equi va lent” units, 

and its user cost ut

i :11

uk K u St

i

t

i

t

i

t

i= -1. (2.7)

This iden ti ty, along with the fact that the cost of using one unit of vin tage in vest ment

is pro por ti o nal to the pri ce of its ca pi tal service, 

u ukt

i i

t

i= l (2.8)

can be used in quan ti fy ing the flow of ca pi tal ser vi ces. The chan ge in the vo lu me of ca -

pi tal ser vi ces flowing from an as set i is then me a su red by the in dex of the pro ducti ve

stock of this as set. An im por tant dif fe ren ce be tween the me a su res of ca pi tal stock and

ca pi tal ser vi ces con sists in ag gre gati on across as sets. In or der to con struct the ag gre ga te

me a su re, it is ne cessa ry to keep in mind that each type of as set pro du ces a spe ci fic flow

of ca pi tal ser vi ces in pro por ti on to its pro ducti ve stock and that this proportion differs

across assets. 

11 The pro ducti ve stock Si
t–1 of an i-type as set at the end of pe ri od t-1 can be com pu ted by the per pe tu -

al in ven to ry method as the sum of all vin tage in vest ment (s years ago) in this type of as set, Ii
t–s–1,

ex pres sed in base-year pri ces, cor rec ted for the pro ba bi li ty of re ti re ment and for the loss of

productive capacity.
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The chan ge in the vo lu me of ca pi tal ser vi ces is then gi ven by:

ln ln
K

K
w

S

S

t

t

t

i t

i

t

i
i-

-

-

= å
1

1

2

. (2.9)

The weights for ag gre gati ons, wt

i , re flect the mar gi nal pro ducti vi ty of dif fe rent as sets.

Mar ket pri ces of ca pi tal as sets are not su i ta ble weights be cau se they re flect the flow of ca -

pi tal ser vi ces of the as sets over their ex pec ted re ma i ning ser vi ce life, but not for a sin g le

year. By con trast, the user cost, in equi lib ri um, equals the mar gi nal re ve nue of an as set and 

is, hen ce, the cor rect weight. The user cost of an as set i at time t is defined as follows:

 u q r d dt

i

t

i

t

i

t

i

t

i

t

i= + - +-1 ( )V V ,  (2.10)

where q t

i

-1 is the pur chase price of the as set, r is the nom i nal dis count rate, dt

i  is the de -

pre ci a tion rate and V t

i  is the rate of as set price change. 

The Thör nq vist in dex12 of the sha re of each in dustry in to tal ca pi tal in co me then re -

pre sents the weight that is as signed to the growth in the net stock of fi xed as sets at con -

stant pri ces in this industry. 

w
u S

u S

u S

u S
t

i t

i

t

i

t t

t

i

t

i

t t

= +
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-
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2

2

2

1 1

1 1

 (2.11)

The sum of the con tri bu ti ons de ri ved from each ca pi tal as set re pre sents the growth of 

the ca pi tal in put (ca pi tal ser vi ces) in a gi ven year. Hen ce, we are able to con struct a vo lu -

me in dex of ca pi tal ser vi ces for the period 1996–2003.

When we con sider our mea sure of cap i tal ser vices for K, the trend to tal fac tor pro -

duc tiv ity A* and po ten tial em ploy ment L*, we ob tain the fol low ing equa tion, which

cap tures the de ter mi nants of potential output:

Y A L Kt t t t* * *= × ×a b
 (2.12)

3. Data

The pe riod cov ered in this anal y sis starts with the first quar ter of 1995. This co mes as 

an out come of the avail abil ity of time se ries of real GDP and gross value added data that

are con sis tent in terms of source and meth od ol ogy. The end of our sam ple is the fourth

quar ter of 2005. All data are sea son ally ad justed13.

To tal la bour costs per em ployee are pu b lished by the Czech Sta tis ti cal Of fi ce

(CZSO, 2005a) for the pe ri od 1994–2004. To tal la bour costs per em ployee for the year

2005 are then ap pro xi ma ted using the in for mati on on the ave rage wage (CZSO, 2006)

and the ratio of 1.44 be tween the ave rage wage and to tal la bour costs ob ser ved in 2004.
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12 See Thör nq vist (1936).

13 The data were se a so nal ly ad jus ted from the ori gi nal non-ad jus ted se ries using the Tra mo-Se ats

metho do lo gy.
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La bour for ce data are pu b lished quar ter ly for the pe ri od 1994–2004 – see CZSO

(2005b). Quar ter ly la bour for ce data for 2005 are then based on CZSO (2006). Fi nal ly,

the data on gross va lue ad ded and GDP over the pe ri od 1995–2005 are avai la ble with

quarterly periodicity from CZSO (2006).

The gross TFP is com pu ted ac cor ding to (2.3), with the use of real GDP, po ten tial la -

bour, ca pi tal ser vi ces and the la bour sha re. The me a su re of po ten tial la bour L*, as de fi -

ned by (2.4), is based on se a so nal ly ad jus ted la bour for ce data and es ti ma tes of the NAI -

RU.14

Ca pi tal in put K is me a su red by the vo lu me of ca pi tal ser vi ces, as descri bed by equati -

on (2.9). The len gth of time se ries of pu b licly avai la ble Czech data is in suf fi ci ent to de ri -

ve the vo lu me of ca pi tal ser vi ces pre ci se ly ac cor ding to the metho do lo gy descri bed by

Schreyer et al. (2003). It can, however, be as su med that the me a su re of the net stock of

ca pi tal at repla ce ment cost, as com pu ted by the Czech Sta tis ti cal Of fi ce (CZSO), ac -

counts for most of the age and ob so les cen ce of as sets and hen ce the loss of pro ducti ve

ca pa ci ty. That is why it can be used as a good ap pro xi mati on of the pro ducti ve stock of

ca pi tal. It is the re fo re not com pu ted, and the cor re spon ding me a su re of the net stock of

capital at constant replacement cost published in industry breakdown is used instead. 

Con si s tent time se ries (in terms of sour ce and metho do lo gy) of the net stock of fi xed

as sets (repla ce ment costs; end-year data), gross fi xed ca pi tal for mati on and ca pi tal con -

sumpti on in a bre akdown by 60 in dustries are avai la ble for the pe ri od 1995–2002 in

CZSO (2004). Data on gross fi xed ca pi tal for mati on bro ken down into 16 NACE in -

dustries are avai la ble for the pe ri od 1995–2004. The weights for ag gre gati on, the user

costs, are con structed ac cor ding to (2.8). To es ta blish the requi red no mi nal rate of re turn at 

time t, we take into ac count the fi nan cing structu re of firms and the ef fects of ta xati on.15 

The de pre ci ati on ra tes in each in dustry, di, are com pu ted as ave rages of the re a li sed

de pre ci ati on ra tes in the pe ri od 1996–2002.16 The ex pec ted pri ce chan ge of ca pi tal is

com pu ted as the three-year cen tred ave rage of the de fla tor of gross fi xed ca pi tal for mati -

on.17 The ca pi tal in co me in each in dustry is then com pu ted for each year as pro duct of

the ave rage net stock of fi xed as sets at cur rent repla ce ment cost and the requi red rate of

re turn. Be cau se of the avai la bi li ty of ad di ti o nal in for mati on, in par ticu lar gross fi xed ca -

pi tal for mati on for the years 1995 (in de tail for 60 in dustries) and 2003–2004 (in de tail

14 For the NAI RU es ti mati on, unem ploy ment and la bour for ce data from CZSO (2005b) and CZSO

(2006) were used. Core in flati on, im port pri ces and the real ex chan ge rate come from the CNB in -

ter nal data base and can be ob ta i ned from the authors on request.

15 The con stant requi red real rate of re turn (the op por tu ni ty cost of fi nan cial ca pi tal in ves ted in an as -

set) is com pu ted by de fla ting (using CPI in flati on) the weigh ted ave rage of the yields on a 10-year

in te rest rate swap and the yield on cor po ra te bonds ad jus ted for the tax shi eld, and ave raged over

the pe ri od of avai la bi li ty (1997–2005). The cor re spon ding weights are 0.4 and 0.6 re specti ve ly and

ap pro xi ma te ly re flect the pre vai ling fi nan cial structu re of Czech cor po rati ons. The requi red no mi nal 

rate of re turn is then ob ta i ned by ad ding an ex pec ted in flati on com po nent (the three-year cen tred

ave rage of ob ser ved in flati on). The data for 1997–2005 for 10-year in te rest rate swaps come from

the CNB in ter nal data base and can be ob ta i ned from the authors on request. The yield on cor po ra te

bonds is the Patria PRI index downloaded from Bloomberg.

16 The de pre ci ati on rate in each in dustry and year is com pu ted as the ratio of the con sumpti on of fi xed

ca pi tal and the ave rage net stock of fi xed ca pi tal in the re specti ve year, both at cur rent pri ces.

17 The purchase pri ces of as sets are im pli cit ly con ta i ned in the me a su re of the net ca pi tal stock at cur -

rent repla ce ment pri ces (all data from CZSO, 2004).
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for 16 in dustries), it is possi ble, with some re a so na ble as sumpti ons, to approximate the

development of capital services in the years 1995 and 2004–2005.

Based on the capital services growth rates calculated according to (2.9), we

construct the values of capital services in 1995 prices. We depart from the year 1996 and

use the fact that the value of capital services is equal to the price paid for them, i.e. the

user cost of the prevailing productive stock of capital (cf. equation 2.7). These are

expressed in 1995 prices and thus we can apply the real growth rates computed above to

obtain the time series. However, it has to be kept in mind that these time series are in fact

index numbers and, in particular, the levels are not additive across industries, with the

exception of the base year. Finally, for the analysis at the aggregate level, we interpolate

the annual values by fitting a local quadratic polynomial so that the sum of the quarterly

values matches the annual data actually observed.18

4. Re sults

The in come share of la bour (a) for the pe riod 1995–2005 is com puted as the av er age

over the whole pe riod of the yearly la bour shares de fined by (2.2) and its value is 0.57.19

The ro bust ness of the av er age value used is sup ported by the la bour share stan dard de vi -

a tion of 0.02.

Fig ure 4.1 shows the re sults of cal cu lat ing the trend to tal fac tor pro duc tiv ity (A*).

Rel a tively re mark able and sta ble an nual growth of the trend to tal fac tor pro duc tiv ity

took place only from mid-2000 on wards. Based on this ob ser va tion, one could in ter pret

that the role of the trend to tal fac tor pro duc tiv ity for po ten tial out put growth was neg li -

gi ble in the sec ond half of the 1990s.20 We ana lyse this de vel op ment and dis cuss the un -

der ly ing fac tors of low growth of the trend to tal fac tor pro duc tiv ity in more detail later

in this section.

PRA GUE ECO NO MIC PAPERS, 4, 2007            327

18 For the sake of spa ce, the de tails are not pre sen ted here, but are avai la ble from the authors on

request.

19 Eu ro pean Com mis si on (De nis et al., 2006) uses a la bour sha re of 0.63 in their po ten tial growth mo -

del. Há jek (2006) re ports la bour sha re 0.62 for the year 2002.

20 Our re sults for the sec ond half of the 1990s cor re spond to those of Flek et al. (2001) and Hájek

(2006). It is worth men tion ing that Hájek (2006) co mes to the con clu sion that the growth of the

trend to tal fac tor pro duc tiv ity reached 0.7 % in the pe riod 1992-1998 and 2.2 % in the pe riod

1999-2004. Al though quan ti ta tively sim i lar, the re sults of Hájek (2006) are, how ever, not di rectly

com pa ra ble, since Hájek (2006) em ploys the growth ac count ing ap proach that dif fers in sev eral 

as pects from the meth od ol ogy ap plied here. First it does not work ex plic itly with the con cept of po -

ten tial la bour and NAIRU. Sec ond, it does not split the gross to tal fac tor pro duc tiv ity into the trend

to tal fac tor pro duc tiv ity and the short-term fluc tu a tions. It seems there fore that the re sults of Hájek

(2006) may be in flu enced by busi ness cy cle fluc tu a tions sig nif i cantly. In con trast, given the meth o -

d ol ogy of growth ac count ing the re sults of Hájek (2006) are not based on the as sump tion of con -

stant la bour share and Thörnqvist in dex is used in stead. Fi nally, Hájek (2006) em ploys the measure

of capital stock to account for the productive contribution of capital.
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Fi gu re 4.1
Trend To tal Fac tor Pro ducti vi ty (A*) (1995QI–2005Q4)
Le vels (ba sic in dex, 1995Q1=100) Growth (year-on-year growth in %)

Sour ce: Czech Sta tis ti cal Of fi ce and own com pu tati ons.

The mea sure of po ten tial la bour is com puted us ing sea son ally ad justed la bour force

data and es ti mates of the NAIRU. The left graph in Fig ure 4.2 shows the es ti mates of the

NAIRU and the ac tual un em ploy ment rate, while the right graph com pares po ten tial la -

bour with the ac tual amount of the la bour force (see foot note  for the def i ni tion of the

labour force).

Fi gu re 4.2
The Components of Potential Labour (1995Q1–2005Q4)
Unem ploy ment rate and the NAI RU Labour force and potential labour
(in %) (thousands, s.a.)

Source: Czech Sta tis ti cal Of fice and own com pu ta tions.

Our es ti mati on shows that the NAI RU in cre a sed from rough ly 5.5% in 1995 to 7.5%

in 2002. The cri ti cal pe ri od in which we ob ser ve a ri sing NAI RU star ted in the last quar -

ter of 1996 and en ded in the first quar ter of 1999. Sin ce then, the NAI RU has re ma i ned

rough ly sta ble. The re por ted in cre a se in the NAI RU has ad ver se ly af fec ted po ten tial la -

bour and, gi ven the stag na ting or dec li ning la bour for ce, also the con tri bu ti on of la bour
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in put to po ten tial out put growth. The re a sons for the in cre a se in the NAI RU can in ge ne -

ral be at tri bu ted to wor se ning la bour mar ket ef fi ci ency.21

Fi gu re 4.3 in di ca tes that the vo lu me of ca pi tal ser vi ces rose over the stu died pe ri od.

On the right gra ph, however, it is vi si ble that, af ter a pe ri od of still re la ti ve ly high dy na -

mics in 1996 and 1997, the an nu al growth rate of ca pi tal ser vi ces flow gra du al ly slowed, 

re a ching a low in 2001. Sub sequent ly, the an nu al growth rate re ma i ned around 3 per

cent and accelerated from 2004 onwards. 

Fi gu re 4.3
Flow of Capital Services (1995Q1–2005Q4)
Quar ter ly flow of ca pi tal ser vi ces Year-on-year growth of ca pi tal ser vi ces
(bn CZK) (y-o-y growth in %)

Sour ce: Own cal cu lati ons.

When in ter pret ing the data on the year-on-year growth of cap i tal ser vices, it is nec es -

sary to keep in mind that cap i tal ser vices are de rived from the ex ist ing stock of cap i tal.

The fast growth of cap i tal ser vices around 1997 re flects the in vest ment boom of the

years 1994–1996 (a re flec tion of the first wave of for eign di rect in vest ment in the Czech

Re pub lic). The rate of growth of cap i tal ser vices some what de clined af ter wards, but re -

mained rel a tively solid de spite the slump in eco nomic ac tiv ity in 1997 and 1998 and the

gen er ally weak in vest ment activity in the rest of the 1990s.

In the se cond half of the 1990s, the in vest ment acti vi ty of Czech com pa nies con si s -

ted chi e fly in in frastructu re and re structu ring in vest ment, the re pro ducti on of the ca pi tal 

stock con cen t ra ting most ly in the sec tors of ener gy, te le com mu ni cati ons and pro ducti on 

of mo tor vehicles.22 The se sec tors were also the main dri vers of the ag gre ga te growth in
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21 In par tic u lar, we should men tion coun ter pro duc tive la bour mar ket reg u la tions passed un der po lit i cal 

pres sure from the trade un ions (an in crease in the min i mum wage, a level of so cial ben e fits dis cour -

ag ing job search, ex ces sive em ploy ment pro tec tion, etc.), low or even de clin ing la bour mo bil ity and 

an in creas ing share of la bour in GDP. Nev er the less, it is fair to say that not only in creases in the

NAIRU, but also a grad ual de cline in the la bour force it self have con trib uted to the es ti mated grad -

ual de crease in po ten tial la bour. See Hurník and Navrátil (2005a) for more com ments on the in -

creases in the NAIRU. Vašíèek and Fukaè (2000), Hájek and Bezdìk (2001), Flek et al. (2001),

Fukaè (2003) and Bezdìk, Dybczak and Krejdl (2003) also es ti mate the path of the NAIRU. All

these es ti mates ro bustly show the NAIRU growing since 1996.

22  A descrip ti on of in vest ment acti vi ty in the late 1990s is pro vi ded by Hanzlo vá (2001).
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ca pi tal ser vi ces. The se cond half of the 1990s also saw re la ti ve ly dy na mic in vest ment in

in for mati on and com mu ni cati ons tech no lo gy.23 The pick-up in ca pi tal ser vi ces af ter

2003 is con nec ted with the rise in in vest ment activity since 2000 and related growth in

the productive stock of capital.

Using equati on (2.12), we fi nal ly cal cu la te the path of po ten tial out put. Fi gu re 4.4

(left-hand gra ph) dis plays po ten tial out put to ge ther with the evo lu ti on of real GDP.24

From the bu si ness cycle per specti ve, the ana ly sis shows that the Czech eco no my ex pe ri -

en ced both phases of the bu si ness cycle over the pe ri od 1995–2000. Whe re as the

overhe a ting re a ched its peak in 1996, the bot tom was re a ched at the be gin ning of 1998.

The re la ti ve ly quick swing from ex pan si on to wards re ces si on can be viewed as evi den -

ce of re la ti ve ly weak ag gre ga te sup ply-side per for man ce in the se cond half of the 1990s, 

as the supply side was largely unable to adjust to demand fluctuations.

In the pe riod 2000-2005, the de vel op ment of the Czech econ omy has been more sta -

ble. One can ar gue that, un like the pre vi ous ex pan sion pe riod (1995–1996), the new ex -

pan sion phase of the busi ness cy cle (start ing in 2002) was ac com pa nied by im prove -

ments in the func tion ing of the sup ply side, i.e. by a pick-up in po ten tial out put growth.

Fig ure 4.4 (right-hand graph) shows that pos i tive, al though rel a tively low, po ten tial out -

put growth per sisted un til the end of 2000, with a clear ten dency to ac cel er ate since the

second half of 2001. 

Fi gu re 4.4
The Path of Potential Output (1995Q1–2005Q4)
GDP and po ten tial out put Potential output 
(bn CZK) (y-o-y growth in %)

Sour ce: Czech Sta tis ti cal Of fi ce and own com pu tati ons.

23 Data on gross fi xed ca pi tal for mati on by com mo di ty show very high dy na mics of in vest ment in ra -

dio, te le vi si on and com mu ni cati on equi p ment and com pu ter tech no lo gy ser vi ces. High growth in in -

for mati on and com mu ni cati on tech no lo gy-re la ted ex pen di tu res is also re por ted by Pi at kowski

(2003).

24 Hájek and Bezdìk (2001) es ti mate that an nual po ten tial out put grew on av er age by 1.5% dur ing

1993–1999. Con trary to our ap proach, they use the Hodrick–Prescott fil ter to de ter mine the

time-vary ing NAIRU. In ad di tion, Flek et al. (2001) use the ex po nen tial trend to es ti mate po ten tial

out put growth, ar riv ing at an es ti mated av er age growth rate dur ing 1992–1999 close to 1%. Hurník

and Navrátil (2005b) re port 2% av er age po ten tial out put growth for 1996–2003 us ing a sim i lar

meth od ol ogy for the NAIRU es ti ma tion, but with out the con cept of cap i tal services.
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The above-de scribed path of po ten tial out put can be fur ther il lus trated by the evo lu -

tion of its de ter mi nants. Ta ble 4.1 sum ma rises the con tri bu tions of trend to tal fac tor pro -

duc tiv ity, po ten tial la bour and cap i tal ser vices to potential output growth. 

Table 4.1
Decomposition of Potential Output Growth (average of q-o-q annualised growth) 

Po ten tial out put

(%)

Con tri bu ti on to growth

Trend to tal fac tor 

pro ducti vi ty (A*)

(%, p.p)

Po ten tial la bour

(L*)

(p.p.)

Ca pi tal ser vi ces

(K)

(p.p.)

1995 2.2 0.6 0.2 1.6

1996 2.0 0.3 -0.1 1.7

1997 1.8 0.0 0.0 1.8

1998 1.3 -0.2 0.0 1.4

1999 1.3 0.0 -0.2 1.4

2000 1.6 1.1 -0.7 1.2

2001 2.2 1.6 -0.5 1.2

2002 3.6 2.0 0.2 1.4

2003 3.4 2.5 -0.4 1.3

2004 4.6 2.6 0.1 1.9

2005 5.1 2.2 0.6 2.2

1995–2005 2.7 1.2 -0.1 1.6

Source: Czech Sta tis ti cal Of fice and own com pu ta tions.

The main driver of the rel a tively slug gish po ten tial out put growth in the sec ond half

of the 1990s was the flow of cap i tal ser vices. The con tri bu tion of po ten tial la bour was

roughly zero due to in creas ing NAIRU and de clin ing la bour force, and the con tri bu tion

of the trend to tal fac tor pro duc tiv ity was sim i lar af ter 1995. Al though the cap i tal in put

was grow ing, the zero growth of the trend to tal fac tor pro duc tiv ity at the same time sig -

nals that the in vest ment ac tiv ity was prob a bly far from ef fec tive. As the po ten tial out put

growth was fully de pend ent on the growth of just one in put, cap i tal ser vices, this can

hardly be viewed as consistent with an efficiently functioning supply side.

Many ca pi tal re sour ces in that pe ri od were ne ver used for their ini ti al ly decla red in -

vest ment pur po ses, as they tur ned out to be unre a lis tic. Con sequent ly, the real va lues of

in vest ment were re vi sed to lower le vels. A slow down in the con tri bu ti on of ca pi tal ser -

vi ces, along with ne ga ti ve growth of the trend to tal fac tor pro ducti vi ty, then cau sed a

slow down in po ten tial out put growth to al most 1% in 1998. This may sup port the idea of 

ra ther ineffective investment in the preceding years.

Af ter 2001, the an nu al ave rage con tri bu ti on of the trend to tal fac tor pro ducti vi ty to

po ten tial out put growth ex ce e ded 2%. This, along with ac ce le ra ting ca pi tal ser vi ces and 

a po si ti ve con tri bu ti on of la bour in the last two years, gra du al ly rai sed the an nu al growth 

of po ten tial out put to 5% in 2005. Such an in cre a se in po ten tial out put growth, to ge ther

with the growth in both ca pi tal ser vi ces and the trend to tal fac tor pro ducti vi ty, sig nals

more ef fi ci ent use of resources and hence, improvements in supply-side performance. 

In our view, this can be at tri bu ted to gra du al ly in cre a sing ef fi ci ency of in vest ment

sin ce the very end of the 1990s, which co in ci des with the ac ce le rati on of FDI inflows.
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The po si ti ve and in cre a sing growth ra tes of the trend to tal fac tor pro ducti vi ty du ring

2000-2005 could be ta ken as sup port for that. One can in fer that the FDI has been used

ef fi ci ent ly and has con tri bu ted to increases in productivity.

Despi te the im pro ve ments in the functi o ning of the sup ply side re por ted abo ve, la -

bour mar ket ef fi ci ency in 2005 still was an is sue, sin ce the NAI RU re ma i ned sta ble at

around 7.5% re pre sen ting a ra ther high tra de-off be tween in flati on and unemployment. 

Our ana ly sis na tu ral ly rai ses the ques ti on of what the po ten tial out put would have

been had the sup ply side been wor king more ef fi ci ent ly. An swers to such ques ti ons can

be ob ta i ned from po ten tial out put growth simulations.

5. Si mu lati ons

Si mu lati ons can be used to iden ti fy the re la ti ve im por tan ce of par ticu lar fac tors of po -

ten tial out put growth. To put dif fe rent ly, po ten tial out put si mu lati ons help us to clas si fy

the im pact of dif fe rent mar ket inef fi ci encies. For in stan ce, one can ad d ress the ques ti on

of what the po ten tial out put would have been had the NAI RU re ma i ned sta ble at 5.5%.

In or der to ad d ress the se ques ti ons, we car ry out se ve ral si mu lati ons using ar bi t ra ry as -

sumpti ons for the de ve lo p ment of par ticu lar fac tors. To do so, we sub sti tu te into the pro -

ducti on functi on hy po the ti cal values for the relevant variables instead of the originally

computed data.

We run three sim u la tions (NAIRU, Cap i tal and Trend to tal fac tor pro duc tiv ity – see

Fig ure 5.1). Within the NAIRU sim u la tion, we as sume sta bil ity of the NAIRU at 5.5%,

which was the NAIRU level in 1996. This should quan tify the loss stem ming from ab sent

(or in ef fi cient) struc tural la bour mar ket pol i cies and flex i ble la bour mar ket in sti tu tions

that stim u late po ten tial out put growth. In the cap i tal sim u la tion, we as sume that the an -

nual growth in cap i tal ser vices has re mained at 5% since 1996, i.e. as sum ing that the drop

in in vest ment ac tiv ity at the end of the 1990s was avoided. Fi nally, in the trend to tal fac tor

pro duc tiv ity sim u la tion, we as sume sta ble an nual growth of the trend to tal fac tor pro duc -

tiv ity of 1.8%, i.e. a sub stan tially higher de gree of tech no log i cal in no va tion and better

pro duc tive use of fac tor in puts (this is the av er age an nual growth of the trend total factor

productivity in Germany between 1963–1999; Lehman Brothers, 2000).

Fi gu re 5.1
Simulations of Potential Output Development (1995Q1–2005Q4)

Sour ce: Czech Sta tis ti cal Of fi ce and own com pu tati ons.
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As can be seen in Fig ure 5.1, the pos i tive im pact of a lower NAIRU level on po ten tial 

out put is not too marked – at the end of 2005 the sim u lated value of the NAIRU would

have in creased the po ten tial out put level by 1.3% com pared to the base line sce nario.

This would im ply an av er age an nual in crease in po ten tial out put growth over the ana -

lysed period of only 0.1 p.p.

Fur ther mo re, Fi gu re 5.1 shows that the dif fe ren ce be tween the base li ne sce na rio and

the ca pi tal ser vi ces si mu lati on has be co me sub stan tial sin ce 2000, and at the end of 2005 

the dif fe ren ce in po ten tial out put le vels be tween the si mu lati on and the base li ne sce na -

rio is around 5.9%. This re pre sents an ave rage an nu al in cre a se in po ten tial out put

growth of 0.6 p.p. over 1995–2005. Thus it ap pears that the ob ser ved drop in ca pi tal

stock for mati on in the late 1990s con strai ned po ten tial output growth more substantially 

than the rise in the NAIRU.

The TFP si mu lati on im plies that the le vel of po ten tial out put would have been 6.6%

higher at the end of 2005 com pa red to the base li ne sce na rio. In other words, the si mu la -

ted growth of the trend to tal fac tor pro ducti vi ty would im ply an ave rage an nu al in cre a se

in po ten tial out put growth of 0.7 p.p. in the pe ri od co ve red by our ana ly sis. Such an im -

pact of the trend to tal fac tor pro ducti vi ty re flects the cru cial role of ef fi ci ent re sour ce al -

lo cati on and uti li sati on for po ten tial out put growth. It could even be ar gu ed that the dif -

fe ren ce be tween the trend to tal fac tor pro ducti vi ty in base li ne and si mu lati on chi e fly

re flects the ex tent of the im per fecti ons in sup ply-side functi o ning that the Czech eco no -

my was fa cing, espe ci al ly du ring the 1990s.25

6. Conclu si on

As es ta blished by our ana ly sis, the Czech eco no my ex pe ri en ced re la ti ve ly slow an nu al

ave rage growth in po ten tial out put of around 2.7% du ring the years 1995 - 2005. This

ave rage num ber, however, masks two ra ther dif fe rent pe ri ods. Whi le the ave rage an nu al 

po ten tial out put growth re a ched only 1.7% du ring the pe ri od 1995–2000, the pe ri od

from 2001 on wards is cha rac te ri sed by a po ten tial out put growth rate of around 3.8%,

with a ten den cy to ac ce le ra te. The first pe ri od was, in ad di ti on, ac com pa nied by sig ni fi -

cant fluctuati ons in cur rent out put re la ti ve to the es ti ma ted po ten tial, whe re as in the se -

cond pe ri od, the de ve lo p ment of cur rent out put has been qu i te smo o th with re spect to

the es ti ma ted po ten tial. Had the eco no mic re co ve ry star ting in 2001 not been ac com pa -

nied by a pick-up in po ten tial out put growth, the eco no my would have had to un der go

ano ther pa in ful ad just ment. An im por tant de ve lo p ment was the gra du al im pro ve ment in 

the structu re of growth which re a ched all con si de red pro ducti on fac tors. The ac ce le rati -

on in to tal fac tor pro ducti vi ty growth sin ce 2000 sig na li zes in cre a sing ef fi ci ency of in -

vest ment. The con tri bu ti on of la bour be ca me po si ti ve at the end of the analysed period.

The macroeconomic evidence thus suggests a remarkable improvement in supply-side

functioning and a rather broad-based potential output growth.
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25 Both the cap i tal and NAIRU sim u la tions do not as sume any im pact on the trend to tal fac tor pro duc -

tiv ity. For in stance, in the case of the NAIRU, a pol icy could be ar ranged which would lead to a

more skilled la bour force. This would be re flected in lower un em ploy ment, but also in higher pro -

duc tiv ity of the “better skilled” la bour. Our sim u la tion, how ever, re flects just the de cline in un em -

ploy ment, leav ing the trend to tal fac tor pro duc tiv ity un changed.
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Si mu lati ons of va ri ous pa ths of po ten tial out put growth show that a low con tri bu ti on

of to tal fac tor pro ducti vi ty can be seen as the main re a son for the slow po ten tial out put

growth du ring the se cond half of the 1990s. The fu tu re pro spects for po ten tial out put

growth cri ti cal ly de pend on the sta bi li ty of to tal fac tor pro ducti vi ty growth. Should the

re cent im pro ve ment in to tal fac tor pro ducti vi ty and the con tri bu ti on of ca pi tal ser vi ces

last over the lon ger run, the fu tu re po ten tial out put growth can be ex pec ted to ma in ta in

its cur rent mag ni tu de of 5–6%. Fur ther pick-up in po ten tial out put growth could stem

from a decre a se in the NAI RU. This, however, requi res an adequa te set of la bour mar ket

le gislati on and policy measures that would lead to improvements in labour market

efficiency.
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